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【Abstract】Objective:    To evaluate the interface
characteristics of the new-designed locking plate (LP) and
limited contact-dynamic compression plate (LC-DCP) and
compare the fracture healing between LP and LC-DCP in a
goat tibia fracture model.
Methods:    Eight-hole LP and LC-DCP were applied to
fix fresh goat tibiae in a reproducible manner. The average
pressure, force and interface contact area were calculated
using Fuji prescale pressure sensitive film interposed among
the plate and the bone and image analysis system. Eight-
hole LP and LC-DCP were applied to each tibia in a goat
tibia fracture model. The fracture healing was evaluated by
X-ray photography at postoperative 8 weeks. The goats
were sacrificed at postoperative 12 weeks. Three-point bend-
ing test was conducted in the tibiae.
Results:    The interface contact of LP system was smaller
than that of LC-DCP (P<0.05), while interface contact force
of LP system was higher than that of LC-DCP (P<0.05). Ra-
diographs revealed that the fracture line disappeared in the
LP group, while the fracture line was visible in DCP group at
postoperative 8 weeks. At postoperative 12 weeks, the bend-
ing strength and bending load of fractured tibia were higher
in LP group than in DCP group, respectively.
Conclusion:    The new-designed locking plate can sig-
nificantly decrease the contact area on the bone interface,
which further provides better fracture healing than conven-
tional plates.
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Fracture healing
Over recent years, with deepening understand-ing of biological characteristics of fracturehealing, the concept of biological osteosyn-
thesis (BO) has been recognized widely. To meet the
requirements of biological osteosynthesis, researchers
have redesigned plates and suggested reducing the
plate and bone contact area and redesigning internal
fixators. We have recently developed a novel locking
plate (LP) which integrates point contact, interlocking
of the screw cap and screw hole and dynamic
compression. It was found that the contact area of LP
and bone was reduced significantly as compared with
the contact area of limited contact-dynamic compres-
sion plate (LC-DCP) and bone. Animal experiments in
goat revealed that LP fixation had a better healing re-
sult than LC-DCP fixation.
METHODS
Plates for experiment
Experimental LP (full length=92 mm, width=11 mm,
thickness of main plate=2.5 mm, Figure 1) had a stan-
dard oval dynamic compression screw hole on each
side of the midpoint of the longitudinal axis of the plate,
and six round locking screw holes with screw threads
which were aligned symmetrically. There was one
rectangular, four-line, conical structure (1.5 mm in
height) to each side of the screw hole on the bottom
surface of plate, and the edge length of the structure
equaled to the diameter of screw hole. Experimental
plates were used with two types of screws: 3.5 mm
cortical bone compression screws and 3.5 mm locking
screws. The locking screw head had screw threads
compatible with the plate screw hole. The experimen-
tal LP plates and screws were made of 317L medical
stainless steel, which exhibited good biological
compatibility.
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The 8-hole dynamic compression plates (DCPs) and
8-hole LC-DCPs were provided by Jiangsu Chuangsheng
Medical Instruments Co, Ltd, China.
              
Characteristics of contact of LP, LC-DCP and bone
Six pairs of goat fresh tibias were used in the study.
Experimental plates included 8-hole LPs and 8-hole LC-
DCPs. The plate was fixed onto the medial aspect of
the intact tibia in neutral position. During LP fixation,
the middle two compression screws were fixed firstly,
and then the other locking screws were fixed. During
experiment, the temperature and relative humidity were
monitored in the laboratory. All samples were tested
under the same temperature and relative humidity. First,
a hole was drilled in the medial aspect of tibia using
plate as template (plate was not pre-bent). Then, a sheet
of Fuji prescale film (Fuji, Japan) was placed between
the plate and bone surface. Screws were driven using a
torsion-controllable screw driver (Fuji, Japan) into the
fixation plate with 1.5 Nm torsion, immediately followed
by the removals of the plate and film. The paper was
scanned with a computer scanner and the coloration
area was calculated. The coloration concentration of
prescale film was determined by FPD305 Fuji prescale
film concentration meter (Fuji, Japan), and then the
coloration concentration was converted to contact pres-
sure (Mpa) using FPD306 Fuji prescale film pressure
converter (Fuji, Japan). Finally, the contact stress (N)
was calculated using ANSYS software. Data were ana-
lyzed by ANOVA and P <0.05 was considered statisti-
cally significant.
Animal experiment
 Experimental models    Ten 1-year-old healthy,
goats weighing (15±2.3) kg were used. Self-control of
bilateral tibias was designed. The goat was anesthe-
tized by intramuscular injection of Sumianxin injection
(0.1-0.15 ml/kg, Institute of Veterinary Medicine,
Changchun Agricultural and Husbandry University,
Changchun, China), and placed in a lateral decubitus
position. Under sterile condition, an incision was made
in the medial aspect of the middle tibial segment, and
an osteotomy site was planned in the middle tibial
segment. The periosteum was incised longitudinally.
After circumferential stripping of periosteum, osteotomy
was performed with a wire saw. Following fracture
reduction, fixation was performed in neutral position with
LPs and DCPs randomly. After surgery, the goats were
allowed to move freely.
Radiographic observation    Fracture healing was
observed by radiography 8 weeks after surgery.
Biomechanical test    Animals were sacrificed at
postoperative12 weeks, and bilateral tibias were har-
vested and their surrounding soft tissues were peeled.
The plates and screws were subjected to mechanical
testing of three-point bending on RGT-5A computer-con-
trolled electronic universal testing machine (Shenzhen
Reger Instrument Co, Ltd, China). During mechanical
testing, the samples were fixed onto the electronic uni-
versal testing machine, and load was applied slowly at
a steady speed until bone was fractured. The maxi-
mum load value was recorded at the time of fracture.
Then a loading curve was plotted, and the tibias’ bend-
ing strength was calculated. Data were analyzed by
paired t test, and P<0.05 was considered statistically
significant.
RESULTS
Interface contact profiles of LP and LC-DCP
Table 1 shows the bone contact area, contact site
pressure and stress during LP and LC-DCP fixation of
fresh goat tibia. Statistical analysis indicated that LP
had a significantly smaller bone contact area than LC-
DCP (P<0.05, Figure 2). The pressure at the LP con-
tact site was slightly higher than that at the LC-DCP
contact site (P>0.05). The stress at the LP contact
site was significantly lower than that at the LC-DCP
contact site (P<0.05).
Fracture healing results
Image observation     At eight weeks after surgery,
fracture lines disappeared in the LP fixation group, and
were obscure but could be seen on the DCP fixation
side (Figure 3).
Biomechanical testing results    During mechani-
cal testing, all tibia samples broke at the original os-
teotomy site. At postoperative 12 weeks, the bending
strength and maximum load were (32.04±9.02) MPa
and (1658.98±510.61) N in LP fixation group, (27.34±7.15)
MPa and (1488.41±442.41) N in DCP fixation group,
respectively. Mechanical testing results indicated that
the bending strength and maximum destruction load
were significantly higher in the LP fixation group than in
DCP fixation group (P<0.05).
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with plates results in tight contact of the plate and bone
through the axial effort of screws and friction between
the plate and bone. It has been demonstrated that the
contact between plate and bone leads to local impair-
ment of blood circulation to the bone. Bone remodeling
secondary to ischemic osteonecrosis is one of the
important causes for sub-plate cortical bone osteoporosis.1
In addition, local ischemic osteonecrosis increases the
risk of infection, thus interfering fracture healing.2 In or-
der to mitigate the effect of internal fixation with plates
on blood supply to the bone, AO/ASIF developed low
contact-dynamic compression plates in the early
1990s.3 The contact area between plate and bone was
reduced by 50% as compared with traditional plates. In
order to further reduce the contact area, AO/ASIF de-
veloped novel plate point contact-fixator (PC-Fix) and
locking compression plate (LCP) with interlocking screw
hole and screw cap in the mid-1990s and early this
century. PC-Fix, with screw cap and screw hole inter-
locking design, functions as a biological fixator, but does
not function like traditional compression plate to auto-
matically compress broken ends, thus limiting their
application. LCP integrates compression hole and lock-
ing hole, which can automatically compress broken ends
and function as a biological fixator. However, for com-
pression fixation of simple fracture, there is planar con-
tact between plate and bone. Based on point contact
dynamic compression plates, we developed this novel
locking plate, which integrates point contact, screw
locking and automatic compression. With this plate,
there are only contact points between plate and bone
even during compression fixation of fractures. The study
aimed to investigate the characteristics of LP and bone
contact through in vitro experiments, and to observe
the effect of LP fixation on fracture healing in goats.
In this experiment, because the goat immediately
ambulated with full weight loading after the operation,
the fractures were fixed by plates with 8 screws.
This study indicated that the contact area of LP
and bone reduced significantly as compared with LC-
DCP fixation. Thus, LP may minimize impairment of
blood supply to cortical bone.
Plate design is not the only factor influencing the
contact area of plate and bone, and there are other
influencing factors such as screw torsion and bone sur-
face morphology.4 Field et al5 demonstrated that LC-
Figure 1. The novel locking plate and 3.5 mm locking and com-
pression screws.
Table 1. Bone contact area, contact site pressure and stress
during LP and LC-DCP fixation of fresh goat tibia (χ±s)
Group
  Contact pressure       Contact stress        Contact area
          (Mpa)                         (N)                            (%)
44.96±1.01                  696±80                   1.55±0.21





2.749                         18.336                      19.747
>0.05                         <0.05                        <0.01
DISCUSSION
Internal fixation with plates is one of the common
treatments for fractures. Traditionally, internal fixation
LP
LC-DCP
Figure 2. Morphological characteristics of bone contact during
LP and LC-DCP fixation of fresh goat tibia. LP had a significant
smaller bone contact area than LC-DCP (P<0.05).
Figure 3. Radiographic observation at eight weeks after surgery.
The fracture line disappeared on the LP fixation side (left), and
was obscure but could be seen on the DCP fixation side (right).
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DCP was liable to be affected by bone surface
morphology. An elevated bone surface will increase
contact area of LC-DCP and bone, and effective con-
tact is impossible on certain bone surface. Our results
also showed that LC-DCP was greatly influenced by
morphological characteristics of bone surface, and the
contact area differed significantly among various bone
surfaces. Given the same torsion, bone surface mor-
phology exerts minor effects on LP and bone contact
area, and LP has consistent contact area among vari-
ous bone surfaces.
At bone contact sites, LP fixation results in slightly
higher pressure, but significantly higher stress than LC-
DCP fixation. Field et al5 also observed the same
phenomena. We found previously that there was topi-
cal cortical bone absorption at contact sites, but over-
all bone mechanical performance was not affected
obviously.6 Further research should be performed to
elucidate this phenomenon.
Stable fixation and adequate blood supply are pre-
requisite for fracture healing. Traditionally, the plate and
bone surface are closely stuck, resulting in impairment
of blood supply to sub-plate cortical bone and bone
necrosis and hampering fracture healing, particularly,
under the plate.2  Tepic et al7 used goat tibia semi-closed
fracture models to randomly investigate fracture heal-
ing at 12, 24, 48 and 96 weeks after DCP and PC-Fix
fixation. They found that fracture healing strength was
higher in the PC-Fix fixation group than in the DCP
fixation group. Histological observations revealed intact
circumferential bony callus at the site of fracture, but
no cortical bone osteoporosis in the PC-Fix fixation
group. Our results indicated that in goat transverse tibia
fracture models, radiographic observations at eight
weeks after surgery revealed that the fracture healing
was better in the LP fixation group than in the DCP
fixation group. At postoperative12 weeks, biomechani-
cal testing indicated that tibia bending strength and
maximum load were significantly higher in the LP fixa-
tion group than in the DCP fixation group, suggesting
that this novel locking plate is superior to traditional
plates in promoting fracture healing. Our study provides
theoretical basis for future clinical application of this
novel plate.
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